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Les  «  Archives  Internationales  de  pharmacodynamie  et  de  therapie  »  publient  des 
travaux  originaux  de  caractere  experimental  en  langue  allemande,  anglaise, 
espagnole,  fran9aise,  italienne  ou  neerlandaise. 

Les  manuscrit  s  doivent  etre  fournis  dactylographies  sous  forme  ne  varietur. 
Lorsqu’une  communication  preliminaire  a  ete  publiee,  li  en  sera  fait  mention 
dans  une  note  en  bas  de  la  premiere  page  du  travail  in  extenso. 

Chaque  travail  sera  suivi  d’un  court  resume  des  conclusions.  Les  citations 
hibliographiques  seront  reunies  a  la  fin  du  travail  sous  une  rubrique  «  Biblio¬ 
graphic  »  et  non  placees  en  bas  des  pages.  Chaque  citation  comprendra  :  nom 
et  initiates  de  P  auteur,  titre  abrege  du  periodique,  annee,  tome  (a  souligner 
dans  le  manuscrit)  et  page. 

Le  nombre  des  figures  et  des  tableaux  doit  etre  limite  au  minimum  indispen¬ 
sable. 

Ne  pas  publier  deux  fois  les  memes  donnees,  une  fois  sous  forme  de  tableaux, 
une  fois  sous  forme  de  courbes. 

Cinquante  tires  a  part ,  avec  couverture,  sont  offerts  aux  auteurs=  XJn  plus 
grand  nombre  de  tires  a  part  peut  etre  commande  a  la  Redaction  lors  de  l’envoi 
du  manuscrit  ou  des  epreuves. 

Les  manuscrits  doivent  etre  adresses  a  :  Mr.  le  Prof.  Dr.  C.  Heymans,  Institut 
de  Pharmacodynamie,  3,  Albert  Baertsoenkaai,  Gand  (Belgique). 

Quatre  fascicules  des  Archives  forment  un  volume  d’ environ  500  pages.  Prix  du 
volume  :  450,-  francs  beiges ,  port  compris.  Volumes  anterieurs  (1-87)  :  450,-  francs 
beiges. 

On  s’abonne  par  volume  au  Secretariat  de  la  Redaction,  3,  Albert  Baertsoen¬ 
kaai,  Gand  (Belgique)  ou  chez  les  libraires. 


De  ,, Archives  internationales  de  Pharmacodynamie  et  de  Therapie ”  publiceren 
de  oorspronkelijke  en  proefondervindelijke  werken  in  Duits,  Engels,  Frans, 
Nederlands,  Italiaans  of  Spaans. 

Manuscripten  moeten  getikt  en  volledig  persklaar  worden  gezonden.  Als  een 
voorafgaande  nota  werd  gepubliceerd,  moet  dit  beneden  de  eerste  bladzijde 
van  het  uitvoerig  werk  vermeld  worden.  Een  korte  samenvatting  der  conclusies 
moet  de  publicatie  sluiten. 

De  bibliogr aphis che  citaten  moeten  op  slot  van  het  werk  onder  een  afzon- 
derlijke  rubriek  en  niet  beneden  de  bladzijden  vermeld  worden.  Elk  biblio- 
graphisch  citaat  omvat  :  naam,  beginletters  van  voornamen,  afgekorte  naam 
van  het  tijdschrift,  jaargang,  band  (te  onderstrepen  in  het  manuscript)  en 
bladzijde.  Het  aantal  figuren  en  tabellen  moet  tot  het  volstrekt  noodzakelijke 
beperkt  worden.  Dezelfde  gegevens  mogen  niet  eens  in  kurven  en  een  tweede 
maal  in  tabellen  medegedeeld  worden. 

De  schrijvers  hebben  recht  op  50  kosteloze  overdrukken.  Bijkomende  over- 
drukken  kunnen  bij  het  opsturen  van  het  manuscript  of  bij  het  terugsturen 
der  drukproeven  aan  het  Secretariaat  der  Redactie  besteld  worden. 

De  manuscripten  kunnen  worden  toegezonden  aan  :  Prof.  Dr.  C.  Heymans, 
Pharmacologisch  Instituut,  3,  Albert  Baertsoenkaai,  Gent,  (Belgie). 

Vier  boekdelen  van  het  Tijdschrift  vormen  een  band  van  ongeveer  500  bladzijden. 
Prijs  per  band :  450,-  belgische  franken,  port  inbegrepen.  Vorige  banden  (1-87)  : 
450,-  fr. 

Men  abonneert  zich  per  band  bij  het  Secretariaat  der  Redactie,  3,  Albert 
Baertsoenkaai,  Gent  (Belgie)  of  bij  de  boekhandelaars. 
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A  wide  range  of  drugs  is  now  known  or  believed  to  affect  transmis¬ 
sion  in  autonomic  ganglia,  yet  it  is  only  for  a  few  of  them  that  we  have 
a  clear  picture  of  the  action  involved.  Now  there  are  several  reasons 
why  it  is  important  to  have  such  a  picture  : 

1.  Their  clinical  use  cannot  be  fully  exploited  without  it. 

2.  Ganglionically  active  drugs  are  increasingly  used  as  research 
tools — for  instance  to  test  whether  autonomic  elements  are  involved, 
or  to  exclude  autonomic  reactions  from  a  response.  For  this  purpose 
one  must  understand  not  only  the  principal  action  of  the  drug  con¬ 
cerned,  but  also  have  some  sort  of  quantitative  estimate  of  its  other 
actions — i.e.  an  estimate  of  its  specificity.  If  one  accepts  as  a  specific 
drug  one  whose  main  action  is  exerted  in  a  dose  100  times  smaller 
than  any  other  action,  then  few  drugs  indeed  are  specific— certainly 
not  such  familiar  friends  as  atropine,  nicotine  or  ^-tubocurarine. 
Yet  a  criterion  of  this  sort  is  not  unreasonable — drugs  are  quite  often 
used  in  concentrations  100  times  greater  than  threshold  for  the  action 
considered. 

3.  The  actions  of  a  drug  are  themselves  of  biological  interest, 
representing  as  they  do  the  reaction  of  an  organism  to  a  particular 
chemical  stimulus.  But  if  one  is  analysing  a  particular  aspect  of  the 
function  of  the  organism  in  this  way,  obviously  one’s  progress  depends 
directly  knowledge  about  the  actions  of  the  drug  used. 


P)  Paper  presented  at  the  International  Meeting  of  Pharmacology  at  Montreal. 
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4.  Lastly,  the  attempts  to  associate  particular  chemical  structures 
with  particular  actions,  already  sufficiently  confusing,  become  nearly 
hopeless  unless  one  is  certain  that  each  of  the  drugs  so  associated  has 
in  fact  the  same  action  :  an  obvious  example  is  the  danger  of  confusing, 
among  drugs  active  at  the  neuromuscular  junction,  those  acting 
competitively  and  those  producing  a  persistent  endplate  depolarization. 

I  shall  try,  therefore,  to  discuss  one  problem  which  arises  the  moment 
one  begins  to  try  to  be  precise  about  ganglionic  actions;  this  is  : 
“What  are  the  actions  that  need  to  be  considered?”  This  paper 
will  attempt  a  sort  of  resume  of  the  types  of  action  that  one  knows  of 
or  suspects,  together  with  an  enumeration  of  representative  drugs 
in  each  group. 


Methods  of  analysis 

It  is  worth  mentioning  first,  however,  some  of  the  difficulties  that 
lie  in  wait  for  the  unwary  investigator.  There  are  two  typical 
difficulties  : 

a)  the  proof  of  ganglion-stimulation; 

b)  the  test  for  action  on  acetylcholine  release. 

As  regards  the  first,  the  main  problem  is  to  exclude  the  possibility 
that  the  apparent  stimulant  effect  is  not  on  the  ganglion  but  on  some 
peripheral  receptor  structure.  Thus,  if  the  superior  cervical  ganglion 
and  nictitating  membrane  are  used,  a  retraction  of  the  membrane 
can  be  produced  not  only  by  ganglionic  excitation  but  also  by  adrenaline¬ 
like  actions,  by  muscarinic  actions,  and  (through  fascial  connections 
with  the  external  ocular  muscles)  by  stimulants  of  striated  muscle 
(Fig.  i).  (Paton  &  Thompson,  1953,  unpublished).  Even  the  use 
of  the  isolated  perfused  ganglion  in  situ  is  not  always  safe;  for  we  have 
found  that  as  much  as  50  %  of  perfusate  may  fail  to  appear  in  the 
venous  effluent  or  in  the  edema  round  the  ganglion,  but  has  presumably 
found  arterial  or  venous  channels  into  the  animal.  Further,  by  in¬ 
jection  of  dyes  one  can  show  an  anastomosis,  through  the  fine  vessels 
of  the  postganglionic  trunk,  with  the  blood  vessels  of  the  bone  of  the 
skull  which  might  well  (in  an  upredictable  way)  finally  lead  perfusion 
fluid  to  the  muscular  structures  in  the  orbit.  It  is  for  this  reason 
that  a  number  of  precautions  (to  be  described  by  Dr.  Ambache)  are 
essential,  which  need  to  be  carefully  framed  for  each  set  of  circum¬ 
stances. 

A  much  more  rigorous  test  of  ganglion  stimulation  is  to  use  electrical 
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recording  to  reveal  the  presence  or  absence  of  depolarization  of  the 
ganglion,  but  of  course  the  technique  is  somewhat  elaborate.  Another 
test  which  does  not  seem  to  have  been  used  before  is  to  compare  the 
responses  on  both  sides  of  the  animal,  when  the  S.C.G.  had  been 
excised  on  one  side  (Fig.  2). 


succ:540/j<j  cio  Hrruj  stimi 

BESSES  minutes 

Dog 

Fig.  1 

Contractions  of  the  nictitating  membrane  produced  by  stimulants  of  the  striated 
muscle  motor  endplate.  Above,  responses  in  the  cat  (under  chloralose)  to  Succinyl- 
choline  (50  gg  and  1  mg),  and,  in  another  animal  to  decamethonium  (150  gg)  and  to 
maximal  stimulation  (10  c/s)  of  the  cervical  sympathetic. 

Below,  responses  in  the  dog  (chloralose-urethane)  to  Succinylcholine  (50  g g/kg)  and 
to  Decamethonium  (100  gg/kg),  and  finally  to  maximal  stimulation  (10  c/s)  of  the  cervical 
sympathetic. 

Contractions  due  to  motor  endplate  stimulants  are  not  prevented  by  hexamethonium 
or  by  excision  of  the  S.C.G. ,  but  can  be  selectively  abolished  by  small  doses  of  a  specific 
competitive  neuromuscular  blocking  agent  such  as  ^-tubocurarine-methylether. 


Secondly,  as  regards  testing  the  output  of  acetylcholine  by  a  ganglion, 
this  is  a  somewhat  elaborate  experiment  which  is  sometimes  avoided; 
the  only  way  of  doing  it  is  still  by  the  method  of  Kibjakow  (1933)  and 
Feldberg  and  Gaddum  (1933).  One  might  argue  that  if  a  drug 
causes  block  of  ganglionic  transmission,  and  if  it  can  also  antagonise 
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the  ganglion  stimulating  effects  of  acetylcholine  or  of  nicotine,  then 
the  antinicotine  effects  can  be  assumed  to  account  for  the  block 
observed;  thus  it  might  be  thought  to  be  unnecessary  to  test  for  effect 
on  acetylcholine  release.  But  this  deduction  does  not  follow,  because 
no  one  can  yet  estimate  quantitatively  from  an  anti-nicotine  action 


LEFT  N.M  : 
GANGLION 
IN  SITU 


right  n  m  , 

GANGLION 

EXCISED 


BLOOD 

PRESSURE 


time(minutes) 


nicotine 


0-5  m  q 


T.M  A 

O  •  S '  rtS  q  . 


Fig.  2 


A  method  of  distinguishing  ganglionic  and  extra-ganglionic  actions  of  a  drug. 

In  the  cat  anaesthetised  with  chloralose,  the  superior  cervical  ganglion  is  excised  on 
one  side.  Records  are  taken  with  equally  balanced  and  similar  levers  from  the  nictitating 
membranes  on  both  sides. 

On  the  left  is  the  response  of  the  nictitating  membrane  to  nicotine,  which  is  almost 
entirely  ganglionic.  On  the  right  is  the  response  to  tetramethylammonium,  which  has 
an  initial  ganglionic  component,  followed  by  an  extraganglionic  action  (found  later  to 
be  greatly  reduced  by  adrenalectomy). 


how  great  the  blocking  action  of  a  compound  on  normal  transmission 
will  be;  further,  anti-release  and  anti-stimulant  actions  are  certainly 
not  mutually  exclusive,  for  compounds  are  known  to  exist  (notably 
local  anaesthetics)  which  possess  both  actions.  It  seems  inevitable, 
therefore,  that  the  direct  experiment  on  acetylcholine  output  must  be 
made. 

These  are  only  a  few  of  the  difficulties  one  has  to  face  in  passing 
from  the  easily  attained  position  of  suspecting  a  ganglionic  action  to 
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characterizing  it  accurately.  It  is  small  wonder  that  proper  pedigrees, 
so  to  say,  have  been  established  for  only  a  few  of  the  most  important 
substances. 


Drugs  related  chemically  to  acetylcholine 

1.  Depolarization.  First  come  drugs  which  resemble  acetylcholine 
so  closely  at  the  ganglion  as  to  imitate  its  action,  causing  depolarization 
of  the  cell-body.  If  this  progresses  far  enough,  the  action  potential 
is  abolished,  and  transmission  of  excitation  across  the  synapse  no 
longer  occurs.  Perhaps  the  clearest  example  of  this  is  provided  by 
tetramethylammonium,  whose  ability  to  depress  the  ganglion  action 
potential  runs  closely  parallel  to  the  ganglion  depolarization  (Paton 
and  Perry,  1952). 

But  a  distinction  must  be  made  here.  With  sustained  vigorous 
depolarization  the  ganglion  action  potential  in  response  to  pre¬ 
ganglionic  nerve  stimulation  may  be  indeed  abolished,  so  that  trans¬ 
mission  block  is  complete;  but  the  ganglion  is  not  inactive ,  for  it  is 
giving  rise  to  a  more  or  less  violent  postganglionic  discharge.  At  the 
endplate,  transmission  block  by  depolarization  can  arise  equally 
readily;  but  it  is  accompanied  only  by  a  brief  period  of  muscle  fibre 
activation,  after  which  the  endplate  region  becomes  inexcitable  and 
prevents  the  initiation  of  a  propagated  response.  At  the  endplate, 
all  types  of  transmission  block  lead  to  quiescence.  But  at  the  ganglion 
it  is  only  competitive  block,  and  not  depolarization  block,  that  allows 
the  postganglionic  discharge  to  cease.  It  is,  in  fact,  hard  to  recognise 
how  far  transmission  of  preganglionic  excitation  fails  at  the  ganglionic 
synapse  after  depolarizing  drugs,  unless  one  uses  electrical  recording, 
since  the  stimulant  effects  of  the  drug  come  to  take  over  the  tasks  of 
the  paralysed  transmission  process. 

2.  Competition.  Second  are  the  drugs  which  act  simply  by  com¬ 
peting  with  acetylcholine  at  the  ganglionic  synapse.  Such  a  definition 
immediately  raises  the  question  of  what  is  meant,  in  practical  terms, 
by  competitive  antagonism.  Obviously  it  is  only  strictly  applicable 
if  one  can  establish  such  quantitative  relationships  between  doses  of 
stimulant  and  antagonistic  drugs,  as  would  satisfy  the  kinetic  equations 
of  a  competitive  process.  But  this  is  virtually  impossible  in  practice, 
so  long  as  biological  variation  is  so  much  greater  than  that  of  physical 
and  chemical  systems.  One  can,  however,  make  a  working  definition 
by  requiring  1)  that  the  antagonism  should  be  reversible;  and  2)  that 
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it  may  be  relieved  by  increasing  the  concentration  of  stimulant  drug, 
and  re-established  by  increasing  in  turn  the  dose  of  antagonist,  so 
that  one  can  proceed  as  though  lacing  a  shoe  with  first  one  lace  on  top 
and  then  the  other.  There  is  always  an  upper  limit  to  the  process, 
when  the  stimulant  drug  seems  to  become  relatively  ineffective  and 
even  sometimes  (in  the  presence  of  very  large  amounts  of  an  antagonist) 
itself  depressant,  but  usually  several  cycles  can  be  demonstrated. 
This  is  still,  however,  only  circumstantial  evidence.  Suppose  one 
takes  a  model  experiment  in  which  one  studies,  for  instance,  the 
antagonism  by  a  sympatholytic  drug  to  the  response  of  the  nictitating 
membrane  to  an  injection  of  nicotine;  one  could  quite  readily  show 
that  the  drug  would  depress  the  effect  of  a  small  dose  of  nicotine  as 
revealed  by  the  contraction  of  the  nictitating  membrane.  Then 
one  could  show  that  increasing  the  dose  of  nicotine  would  overcome 
the  antagonism,  and  so  on.  To  take  another  example,  one  might 
excite  a  nerve  trunk  electrically  and  show  that  a  certain  concentration 
of  local  anaesthetic  applied  further  down  the  trunk  reduced  the  effect 
of  a  certain  sub-maximal  stimulation,  that  by  increasing  the  stimulus 
strength  this  antagonism  could  be  overcome,  and  that  by  further 
increasing  the  concentration  of  the  anaesthetic  the  antagonism  could 
be  re-established.  In  both  these  examples,  the  conditions  of  our 
working  definition  of  competitive  inhibition  are  met.  But  nobody 
would  suggest  that  a  specific  sympatholytic  competes  with  acetylcholine 
or  that  volts  compete  with  local  anaesthetics. 

Consideration  of  these  rather  elementary  examples  suggests  that 
one  has  to  be  rather  cautious  in  identifying  an  action  as  competitive. 
One’s  confidence  in  such  an  identification  can  be  increased  in  three 
further  ways.  First,  by  verifying  so  far  as  is  feasible  that  agonist 
and  antagonist  are  acting  at  the  same  site;  second  by  requiring  some 
chemical  relationship  between  the  two  (and  for  this  reason  I  have 
segregated  drugs  chemically  resembling  acetylcholine  in  this  section); 
and  third  by  showing  that  the  antagonist  in  question  has  a  relationship 
to  the  agonist  in  some  other  way.  Thus  nicotine  in  its  second  phase 
can  be  regarded  as  competing  with  acetylcholine  (although  one  would 
hesitate  to  stress  their  chemical  resemblance)  because  nicotine  displays 
so  many  other  actions  also  displayed  by  acetylcholine. 

Any  discussion  of  a  possible  competitive  action  requires  the  mention 
of  one  further  point.  There  are  a  number  of  observations  where  a 
drug  is  a  more  effective  antagonist  against  some  acetylcholine-like 
substance  than  against  acetylcholine  itself;  as  for  instance  the  thiazole 
compounds  against  nicotine  studied  by  Pick  &  Unna  (1946),  or  atropine 
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against  Compound  2268  F  (Ambache  1949).  It  would  be  convenient 
if  antagonists  were  uniformly  active  against  a  transmitter  and  its 
homologues  alike.  But  it  is,  on  reflection,  unreasonable  to  expect  it; 
for  if  the  stimulant  drugs  differ  somewhat  in  their  potency  and 
behaviour,  then  surely  must  also  their  attachments  to  receptor  groups; 
and  it  is  improbable  that  such  varying  attachments  would  be  blocked 
in  identical  ways  by  particular  antagonists,  even  though  the  main 
character  of  the  receptor  attachment  remains  the  same. 


NIC.  T.M.A.  NIC.  T.M.A.  T.MA.  NIC. 

5^9'  30^9*  50^9.  lOO*»9.  30*19. 

Fig.  3 

Effect  of  ganglion-stimulants  on  nictitating  membrane  response  to  preganglionic 
stimulation. 

A  comparison  of  nicotine  and  tetramethylammonium  tested  on  the  superior  cervical 
ganglion  of  the  cat  under  chloralose;  injections  arterially,  retrograde  into  the  tied  external 
carotid.  Suprarenals  removed  to  eliminate  extraganglionic  actions. 

On  the  left,  contractions  of  the  nictitating  membrane  due  to  ganglionic  stimulation 
by  roughly  equiactive  doses  of  nicotine  and  tetramethylammonium. 

Thereafter  stimulation  of  the  cervical  sympathetic  (maximal  shocks  at  10  c/s)  was 
applied  during  the  black  line,  and  injections  of  equivalent  stimulant  doses  of  nicotine 
and  T.M.A.  again  given. 

The  action  of  nicotine  is  accompanied  by  a  transient  excitation  and  a  considerable 
relaxation  of  the  membrane;  that  of  T.M.A.  shows  chiefly  excitation,  even  with  a  larger 
dose. 


An  interesting  group  are  those  drugs  which  pass  from  a  stimulant 
to  a  competitive  action,  of  which  nicotine  represents  the  best  example. 
It  must  be  said  at  once  that  the  only  certain  identification  of  an  action 
of  this  sort  at  present  is  by  electropharmacological  methods,  by  which 
it  can  be  shown  that  the  initial  stimulation  (measured  by  the  ganglion 
depolarization)  has  passed  off,  although  the  block  persists.  It  may 
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be  that  other  methods  of  distinguishing  this  type  of  drug  could  be 
developed,  using  the  evidence  that  with  a  more  purely  depolarizing 
drug  (such  as  tetramethylammonium)  it  is  difficult  to  achieve  a  block 
of  transmission  associated  with  ganglionic  inactivity.  One  could 
indeed  get  a  shrewd  idea  of  the  type  of  action  of  a  drug  by  comparing 
it  with  tetramethylammonium  on  the  one  hand  and  with  nicotine 
on  the  other  in  the  cat  anaesthetised  with  chloralose  (Fig.  3). 

A  transitional  action  of  this  sort  is  puzzling  to  understand  in  detail. 
It  is  rather  common  in  pharmacology,  although  familiarity  has  bred 
the  unhelpful  term  “  tachyphylaxis  ”  for  some  of  its  manifestations. 
It  is  hardly  reasonable  to  hope  to  understand  it  properly,  however, 
until  we  know  how  any  one  of  the  common  stimulant  drugs  work. 

3.  Anticholinesterases.  Third,  are  drugs  which  owe  their  effect  to 
an  ability  to  inhibit  the  cholinesterase  in  the  ganglion.  Anticholin¬ 
esterases  are  of  course  very  easily  identified  as  such  biochemically, 
but  it  is  not  always  so  easy  to  demonstrate  their  action  at  the  ganglion. 
Sometimes  an  antagonism  to  a  ganglion-blocking  drug  can  be  shown, 
such  as  by  eserine  to  <i-tubocurarine  (Chou  &  Elio  1948)  or  by  DFP 
or  prostigmine  to  T.E.A.  (Kamijo  &  Koelle,  1952;  Reardon  et 
al.,  1947)  or  a  potentiation  of  the  effects  of  preganglionic  excitation 
(Feldberg  &  Vartiainen,  1934).  Electrical  recording  may  be  one 
of  the  more  sensitive  methods  of  demonstrating  it;  thus  eserine  has 
no  depolarizing  action  provided  that  the  rate  of  stimulation  is  kept 
low,  but  as  soon  as  excitation  is  increased  and  acetylcholine  can 
accumulate,  then  the  ganglion  depolarization  and  characteristic  change 
in  action  potential  shape  become  obvious  (Paton  &  Perry,  1952). 

4.  Sensitization.  A  particularly  interesting  compound  is  m-OH- 
dimethylethylphenyl  ammonium  (Tensilon)  which  drew  attention  from 
its  high  anti-curare  action  at  the  motor  endplate,  combined  with  a 
fairly  low  anticholinesterase  activity.  Among  its  actions  (it  is  not 
a  highly  specific  compound)  is  that  of  sensitizing  both  endplate  and 
ganglion  to  depolarizing  drugs.  Figure  4  shows  this  sensitization  for 
a  cat’s  perfused  superior  cervical  ganglion  responding  to  intra-arterial 
injections  of  nicotine. 

Bases  not  closely  related  to  acetylcholine 

A  good  deal  of  work  has  focussed  on  the  ganglionic  actions  of  some 
non-quaternary  bases,  and  it  raises  certain  important  problems.  A 
convenient  starting-point  is  the  local  anaesthetic  procaine  studied 
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particularly  by  Harvey  (1940)  and  its  more  stable  analogue  procaine 
amide  (Reuse  and  Bergmann,  1952;  Paton  &  Thompson,  1953), 
for  which— among  amines — we  have  the  most  complete  understanding. 
Their  actions  are  superficially  straightforward  :  they  produce  failure 
of  transmission  without  depolarization  or  hyperpolarization  of  the 
ganglion;  and  they  depress  acetylcholine  output  from  the  preganglionic 

SENSITISATION  OF 
CAT'S  SC.G  TO 

NICOTINE  (05pq) 

BY  TENSILON 

-  OH-di  cth  ylmc  thy  I -phenyl  ammonium 

Pcrfuicd  qanqlion:  arterial  injection 

’  *  }  CONTROL 


7minutes  14  minute*  3  5  minute*  50  minutes 


AFTER  TENSILON  (sO^q) 

Fig.  4 

Sensitization  of  cat’s  perfused  superior  cervical  ganglion  to  nicotine  (0.5  fig  injected 
close  arterially)  by  ,,  Tensilon  ”  (50  /xg  intra-arterially).  Control  injection  of  nicotine 
above;  thereafter  the  injection  was  repeated  7,  14,  35  and  50  minutes  after  the  Tensilon. 
Since  nicotine  is  not  attacked  by  cholinesterase,  this  augmentation  of  its  effects  cannot  be 
due  to  the  anticholinesterase  action  of  Tensilon. 


endings.  But  they  also  antagonise  the  effects  of  acetylcholine  applied 
to  the  ganglion.  The  first  action,  preventing  transmitter  release,  is 
obviously  attributable  to  their  anaesthetic  potency.  But  the  second 
action  presents  much  more  of  a  problem.  One  can  take  two  views 
about  it  :  the  first  is  that  the  action  is  a  competitive  one,  like  (for 
instance)  that  of  hexamethonium  or  T.E.A.  But  there  are  reasons 
for  hesitating  over  this.  The  main  one  is  the  chemical  dissimilarity 
of  the  molecules  of  procaine  and  acetylcholine.  The  concept  of 
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competition  is  based  on  such  things  as  the  interaction  of  quaternary 
salts  and  acetylcholine  at  the  endplate,  of  P.A.B.A.  and  sulphonamides, 
of  histamine  and  antihistamines,  of  acetate  and  fluoracetate — for  all 
of  which  close  structural  relationships  exist.  But  if  one  accepts 
procaine  as  a  competitor  with  acetylcholine  at  the  ganglionic  synapse, 
then  specific  structural  relationships  are  at  once  sacrificed,  and  most 
of  those  few  and  slender  clues  which  we  possess  to  the  nature  of 
receptor  groups — (such  as  that  they  are  fairly  specific  reagents  for 
onium  salts,  and  particularly  for  quaternary  nitrogen) — have  to  be 
thrown  away.  One  can  say,  no  doubt,  that  both  compounds  are 
“  bases  ”,  but  one  must  remember  that  each  belongs  to  a  group 
already  profoundly  different  from  the  other  in  respect  of  distribution 
and  penetration  into  the  cell. 

Further  it  is  worth  noting  that  a  comparison  of  procaine  or  its  amide 
and  hexamethonium,  reveals  some  minor  differences  in  their  action, 
for  instance  on  ganglion  action  potentials. 

2.  The  second  possibility  is  that  these  drugs,  being  local  anaesthetics, 
display  this  action  in  two  ways  at  the  ganglion,  by  anaesthetising  the 
preganglionic  endings  so  that  they  no  longer  release  acetylcholine 
properly  (whether  by  failure  of  conduction  or  by  interruption  of  the 
release  process  itself),  and  by  anaesthetizing  the  ganglionic  neuronal 
membrane,  so  that  it  does  not  respond  to  acetylcholine  fully;  and  further, 
that  procaine  is  perhaps  unexpectedly  active  in  this  way  (when  one 
considers  its  not  very  high  local  anaesthetic  potency  on  nerve  trunks) 
because  of  the  fine  calibre  of  the  preganglionic  endings  and  because 
of  the  necessarily  exposed  nature  of  endings  and  ganglion  cell  which 
allows  chemical  transmission  to  take  place.  If  one  regards  this  action 
as  possibly  a  stabilization  of  the  neuronal  membrane,  then  one  is 
suggesting  that  local  anaesthetics  may  display  their  action  in  several 
ways;  on  a  nerve  trunk  (to  prevent  conduction),  on  terminals  (to 
prevent  release  of  acetylcholine),  and  on  the  receptor  membrane  of  a 
nerve  cell  (to  prevent  chemical  excitation)— three  diverse  manifestations 
of  a  single  action. 

If  this  second  view  is  sound,  then  one  would  expect  that  other 
amines — equally  unrelated  to  acetylcholine  chemically — should,  so  far 
as  they  are  local  anaesthetics,  also  block  the  ganglion,  antagonise  nicotinic 
stimulation  of  it,  and  prevent  acetylcholine  release.  Now  studies  on 
release  are  regrettably  few,  but  the  association  of  local  anaesthesia, 
antinicotine  action  and  ganglion  block  is  quite  common.  Parpanit 
and  Diparcol  for  instance  block  transmission  and  antagonise  the  effects 
of  nicotine,  and  they  are  quite  active  local  anaesthetics  (Heymans  et 
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al.,  1949;  Bogdanski  and  Karczmar,  1953,  Hutcheon,  1953).  Panto¬ 
caine  (Krause,  1951)  has  been  shown  to  lessen  the  sensitivity  of  ganglia 
to  acetylcholine.  Pethidine  and  quinidine ,  both  (amongst  other  actions) 
local  anaesthetics  (Dutta,  1949),  can  produce  ganglionic  block,  and 
pethidine  will  block  the  ganglion  to  injections  of  acetylcholine  (Hebb  & 
Konzett,  1949). 

With  this  view  of  the  action  of  these  amines  in  mind,  one  can  turn 
to  consider  three  other  rather  special  amines,  atropine,  eserine  and 
adrenaline.  The  suggestion  that  atropine  could  paralyse  ganglia 
originated  in  experiments  such  as  those  by  Ambache  (1949)  in  which, 
on  the  perfused  superior  cervical  ganglion,  he  showed  that  atropine 
could  interfere  with  the  stimulant  action  of  synthetic  muscarine-like 
Compound  2268  F  and,  in  larger  doses,  could  abolish  the  stimulant 
effect  of  acetylcholine.  More  detailed  analysis  has  confirmed  that 
in  fact  block  of  the  ganglion  can  be  achieved  with  atropine,  with  retention 
of  the  response  to  postganglionic  excitation  (Cahen  and  Tueda,  1952; 
Gyermek  &  Sztanyik,  1953 ;  Dutta  1949 ;  Fink  and  Cervoni,  1953).  But 
it  is  also  known  now  that  atropine  is  quite  an  effective  local  anaesthetic, 
about  half  as  active  as  procaine  (de  Elio,  1947).  So  that  despite 
the  relationship  of  the  drug  to  acetylcholine  peripherally,  it  may  well 
be  that  its  blocking  action  depends  more  on  its  local  anaesthetic  action 
than  on  a  strict  competition. 

With  eserine,  likewise,  it  is  interesting  to  note  that  1)  it  can 
produce  an  insensitivity  of  the  ganglion  to  acetylcholine  (Feldberg 
and  Vartiainen,  1934;  Paton  and  Perry,  1952)  without  depolarization; 
2)  it  can  (under  special  conditions  recently  described  by  Perry,  1953) 
depress  acetylcholine  release;  3)  it  can  interfere  with  transmission  in 
peripheral  nerve  (Bullock,  Nachmansohn  and  Rothenberg,  1946; 
Paton  and  Thompson,  unpublished).  Despite  its  dominant  anti¬ 
cholinesterase  effect,  the  possibility  seems  a  real  one  that  eserine  also 
has  another  action,  unrelated  to  its  main  one,  which  links  it  to  local 
anaesthetic  amines  rather  than  to  quaternary  competitive  drugs. 

The  blocking  action  of  adrenaline  at  the  ganglion,  described  by 
Burn  and  Bulbring  (1942),  for  relatively  large  doses  of  adrenaline, 
(facilitation  of  transmission  being  obtained  with  small  doses;  cf. 
Konzett,  1950),  and  by  Marrazzi  (1939),  provides  a  third  case  of  a 
ganglionically  active  amine  that  may  be  of  the  same  kind.  Paton 
and  Thompson  (1953  b)  have  obtained  evidence  that  adrenaline  will 
depress  the  release  of  acetylcholine  in  the  perfused  ganglion,  and 
further  that  adrenaline  in  a  concentration  of  300-1000  fig/cc  can  some¬ 
times  depress  conduction  in  the  frog’s  sciatic  nerve  (after  removal  of 
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its  sheath).  It  is,  however,  at  most  only  a  rather  weak  local  anaesthetic. 

The  suggestion  that  compounds  with  some  degree  of  local  anaesthetic 
potency  should  also,  by  virtue  of  it,  produce  the  characteristic 
simultaneous  anti-stimulant  and  anti-release  action  on  ganglia,  extends 
the  generalization  that  such  compounds  also  tend  to  be  quinidine-like, 
to  antagonise  acetylcholine  on  the  rectus  abdominis,  intestine  and 
perfused  rabbit’s  ear,  to  cool  adrenalectomised  rats,  to  depress  histamine 
bronchoconstriction,  and  to  antagonize  adrenaline  on  the  rabbit’s  ear. 
(Dawes,  1946;  Burn  &  Dutta,  1948;  Dutta,  1949).  It  recalls 
Fleckenstein’s  classification  of  many  drugs  into  “  catelectrotonic  ” 
and  “  anelectrotonic  ”  (Fleckenstein,  Wagner  and  Goggel,  1950); 
but,  despite  some  analogies  between  anelectrotonus  and  local  anaesthesia, 
procaine  amide  does  not  hyperpolarize  the  ganglion;  so  that  such  a 
classification  is  certainly  premature  at  the  ganglion.  We  can  only 
observe  that  a  large  number  of  amines  are  able  to  interfere 
simultaneously  with  nervous  transmission,  with  ganglionic  trans¬ 
mission,  and  with  the  ganglion  response  to  chemical  excitation  by 
nicotinic  drugs;  that  some  of  them  are  known  to  depress  acetylcholine 
release;  and  to  suggest  that  all  these  actions  may  depend  on  a  common 
membrane  stabilisation,  to  which  the  fine  terminal  ramifications  of  the 
preganglionic  nerves  as  well  as  the  adjacent  neuronal  membrane  are 
particularly  sensitive. 

C.  —  Inorganic  ions. 

The  simplest  compounds  active  on  autonomic  ganglia  are  ions  such 
as  potassium. ,  barium  and  ammonium.  (Brown  and  Feldberg,  1936; 
Ambache,  1949;  Banister,  Hebb  and  Konzett,  1949).  These  may 
act  in  two  ways,  either  by  the  excitation  of  pre-ganglionic  terminals 
so  as  to  cause  acetylcholine  release  (demonstrated  for  potassium)  or  by 
excitation  of  the  ganglion  directly.  These  actions  may  be  distinguished 
by  the  fact  that  the  former,  but  not  the  latter,  is  abolished  by  denervation 
and  by  the  use  of  ganglion  blocking  drugs. 

Deficiency  of  calcium  (Harvey  &  Macintosh,  1940)  will  depress 
the  release  of  acetylcholine  and,  at  the  same  time,  produce  a  discharge 
of  the  ganglion  cell;  thus  a  failure  of  transmission  occurs  but  post¬ 
ganglionic  activity  is  still  observed.  Phosphate  compounds,  including 
ATP,  exert  a  stimulant  action  both  on  the  normal  and  on  the  denervated 
ganglion  (Feldberg  &  Hebb,  1947)  and  it  has  been  suggested  that 
they  work  by  calcium  deprivation. 

Magnesium  causes  block,  and  depresses  ACH  release  (Stanbury, 
1948;  Huttfjr  and  Kostial,  1953). 
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D.  —  N on-basic  substances. 

This  category  includes  a  number  of  miscellaneous  compounds. 
First  may  be  mentioned  the  barbiturates  (Exley,  1952)  some  of  which 
may  be  quite  active  in  interfering  with  ganglionic  transmission;  it  is 
not  quite  established  how  this  occurs  but  it  is  probably  by  depression 
of  acetylcholine  release.  Second  are  the  important  group  of  general 
anaesthetics  (Larrabee  and  Posternak,  1952).  Although  a  number 
of  these  are  known  to  interfere  with  ganglionic  transmission,  too  little 
is  known  about  the  mechanism  still.  Another  group  consist  of  the 
digitalis  glycosides,  which  Konzett  and  Rothlin  (1952),  found  to 
potentiate  the  effect  of  acetylcholine  on  the  ganglion. 


Conclusion 

We  can  now  recognize  four  main  groups  of  gangiionically  active 
substances  (and  hence  four  main  groups  of  pharmacological  actions)  :  — 

a)  Quaternary  compounds ,  or  compounds  closely  related  to  acetyl¬ 
choline,  which  imitate ,  compete  with ,  preserve ,  or  sensitize  to  the  natural 
transmitter.  The  actions  of  all  these  drugs  are  interpretable  in  terms 
of  the  classical  experiments  on  ganglionic  transmission,  and  are  tested 
usually  by  repeating  certain  of  these  classical  experiments. 

b)  Amines  which  depress  ganglionic  transmission  and  antagonize 
the  effects  of  injected  ganglion  stimulants,  but  are  also  able  to  interfere 
with  acetylcholine  release  and  to  depress  nervous  conduction.  These 
are  a  variegated  group,  not  yet  properly  defined. 

c)  Inorganic  ions  capable  of  stimulating  or  depressing  nerve  endings 
or  ganglion  cell. 

d)  A  miscellaneous  group  including  substances  such  as  digitalis, 
barbiturates,  or  general  anaesthetics. 

At  least  eight  types  of  action  must  thus  be  disentangled  : 

1)  Specific  ganglion  depolarization;  2)  Specific  ganglion  block 
(competitive) ;  3)  Anticholinesterase  action;  4)  Sensitization  to  depolariza¬ 
tion;  5)  Depression  of  transmitter  release;  6)  xAntagonism  to  ganglion 
depolarization  (non-specific);  7)  Stimulation  of  transmitter  release; 
8)  Stimulation  of  ganglion  cells  (non-specific  direct  action).  It  seems 
clear  that  although  one  thinks  at  first  that  the  actions  of  most  drugs 
at  the  ganglionic  level  are  fairly  well  understood,  it  is  in  fact  only  a 
handful  of  them  that  have  been  adequately  studied.  Our  main  need, 
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perhaps,  especially  in  the  field  of  ganglion  stimulating  drugs  or  tertiary 
ganglion  blocking  agents,  is  not  for  the  discovery  of  more  such  agents, 
but  for  the  full  analysis  of  those  we  have. 
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